The strong-coupling mode, called "quasimode", will be excited by stimulated Brillouin scattering (SBS) in high-intensity laser-plasma interaction. And SBS of quasimode will compete with SBS of fast mode (or slow mode) in multi-ion species plasmas, thus leading to a low-frequency burst behavior of SBS reflectivity. The competition of quasimode and ion-acoustic wave (IAW) is an important saturation mechanism of SBS in high-intensity laser-plasma interaction. These results give a clear explanation to the low-frequency periodic burst behavior of SBS and should be considered as a saturation mechanism of SBS in high-intensity laser-plasma interaction.
Backward stimulated Brillouin scattering (SBS), a three-wave interaction process where an incident electromagnetic wave (EMW) decays into a backscattered EMW and a forward propagating ion-acoustic wave (IAW), leads to a great energy loss of the incident laser and is detrimental in inertial confinement fusion (ICF) [1] [2] [3] . Therefore, SBS plays an important role in the successful ignition goal of ICF. Multiple ion species are contained in the laser fusion program [4] . In the indirectdrive ICF [2, 3] or the hybrid-drive ignition [1] , the inside of hohlraum will be filled with low-Z plasmas, such as H or CH plasmas from the initial filled material or from the ablated material off the capsule. Typically, in hybrid-drive ICF, the laser intensity can reach as high as I 0 ∼ 10 16 W/cm 2 , the strong-coupling modes will be excited by SBS. The stimulated scattering process in this regime is referred to as SBS in the strong coupling regime or in the quasimode regime. [5, 6] The quasimode or the strong-coupling mode refers to the modified low-frequency mode involved in the three-wave process, while the electrostatic mode refers to a natural mode of the system in the absence of the pump wave. The burst behavior of SBS reflectivity is universal in high-intensity laser-plasma interaction, however, the cause is not clear and require the explanation. Besides, understanding the excitation of different IAW modes and competition between SBS of different modes under the condition of highintensity laser plasma interaction is vital to predict SBS laser energy losses and to improve the energy coupling into the fusion capsule.
Many mechanisms for the saturation of SBS have been proposed, including frequency detuning due to particle trapping [7] , coupling with higher harmonics [8, 9] , increasing linear Landau damping by kinetic ion heating [10, 11] , the creation of cavitons in plasmas [12, 13] and so on. However, the burst behavior of SBS in high-intensity laser-plasma interaction is confusing and has not been explained well, which may be a potential saturation mechanism of SBS.
In this paper, we report the first demonstration that the strong-coupling mode or quasimode will be excited by SBS and will coexist and compete with the IAW in the high-intensity laser-plasma interaction. The competition between SBS of IAW and SBS of quasimode will lead to the low-frequency burst behavior of SBS reflectivity and decrease the total SBS reflectivity. Therefore the competition of quasimode and IAW excited by SBS is an important saturation mechanism of SBS in high-intensity laser-plasma interaction.
The wave number of IAW excited by backward SBS can be calculated by
where v te = T e /m e is the electron thermal velocity, n e , T e , m e is the density, temperature and mass of the electron. Considering fully ionized, neutral, unmagnetized plasmas with the same temperature of all ion species (T H = T C = T i ), the linear dispersion relation of the ion acoustic wave in multi-ion species plasmas is given by [14] [15] [16] 
where χ e is the susceptibility of electron and χ iβ is the susceptibility of ion β. When the strong pump light interacts with plasmas, the strong-coupling mode will be generated, which will grow with time but not be damped and is called quasimode. The dispersion relation of quasimode in strong pump light is given by [17, 18] 
where Fig. 1 , the mode with the least Landau damping (|Im(ω)|) will be preferentially excited in SBS. There exist two groups of modes called "the fast mode" and "the slow mode" in multiion species plasmas as shown in Fig. 1(a) . Here, the fast mode and the slow mode refer to the least damped mode belonging to each class of modes. When strong pump light interacts with plasmas, the quasimode will be excited. As shown in Fig. 1(b) , the imaginary part of quasimode frequency is positive, which illustrates that the quasimode is a growing mode.
An one dimension in space and one dimension in velocity (1D1V) Vlasov-Maxwell code [19] is used to research the quasimode excited by SBS in multi-ion species plasmas. We choose the high-temperature and high-density region as an example, the electron temperature and electron density are T e = 5keV , n e = 0.3n c , where n c is the critical density for the incident laser. The electron density is taken to be higher than 0.25n c , thus the stimulated Raman scattering [20] and two-plasmon decay instability [21, 22] are excluded. The C, C 2 H, CH, H plasmas are taken as typical examples since they are common in ICF [1, 3] . The ion temperature is T i = 0.2T e . The linearly polarized laser intensity is I 0 = 1 × 10 16 W/cm are indeed the SBS of fast mode and SBS of quasimode. Figure 3 gives the SBS reflectivities of fast mode and quasimode evolution with time. As shown in Fig.  3(a) , the SBS of fast mode will develop quickly before ∼ 1×10 0 calculated from two peaks of the SBS reflectivity as shown in Fig. 3(a) , thus the frequecy of SBS reflectivity recurrence is ω R = 1/T R = 9.93 × 10 0 . Thus, the sum of two periods is ω f +ω q = 1/T f +1/T q = 9.63×10
0 , which is close to the period of SBS reflectivity recurrence T R . This illustrates that the burst behavior of SBS reflectivity is as a result of competition between SBS of fast mode and SBS of quasimode, and the recurrence period of SBS reflectiv- ity burst comes from the sum of two periods of SBS of fast mode and SBS of quasimode. Fig. 3(b) demonstrates the total reflectivity and transmitivity of the SBS. Since the burst behavior of the total reflectivity of SBS will occur due to the competition between SBS of fast mode and SBS of quasimode, the transmitivity will demonstrate a same burst behavior which is complementary to the SBS reflectivity after 3 × 10 4 ω −1 0 . Therefore, the competition between SBS of fast mode and SBS of quasimode is an important factor on the burst behavior of SBS and the nonlinear saturation of SBS. Figure 4 demonstrates the SBS reflectivities in different species plasmas. In stage I, the SBS reflectivities will develop and then saturate at a nearly fixed level. In stage II, when different modes such as the fast IAW mode and quasimode are excited in SBS in our simulation condition, other modes such as slow IAW mode, ion bulk (IBk) mode [23] could be excited in SBS in some conditions, the competition among SBS of different modes will lead to the low-frequency burst behavior of SBS reflectivity. With the rate of C to H increasing, from Fig.  4(a) to Fig. 4(d) , the Landau damping of IAW will decrease and the SBS growth rate and SBS reflectivity will increase. As a result, the beginning time of stage II will be earlier. However, for C plasmas, the Landau damping of IAW is very low and the gain of SBS is very high in the condition of I 0 = 1 × 10 16 W/cm 2 , the SBS cascade will occur in stage III. [24] The low-frequency burst in stage II is due to the competition among SBS of different modes, while the high-frequency burst in stage III is as a result of SBS cascade. These results in Fig. 3 give a clear explanation of the low-frequency burst behavior in SBS, which is common phenomena of SBS in high-intensity laser-plasma interaction. the same as Fig. 4 . We can see that the SBS in C plasmas increases the most quickly among the four cases, while the growth rate of SBS in H plasmas is the slowest and the saturation level is the lowest. With the rate of H to C in the plasmas increasing, the growth rate and saturation level will decrease obviously, which is because of increase of the IAW Landau damping. According to Fig. 5(a) , the SBS reflectivity values at the time of t = 1.
0 are chosen as the saturation values, which is shown in Fig.  5(b) , because they are stable at this time. The linear gain of SBS by fluid theory is given by
where
is the maximum temporal growth rate of SBS [25, 26] , v 0 = eA 0 /m e c is the electron quiver velocity. v gs = c 2 k s /ω s is the group velocity of SBS scattering light, L is the plasmas density scale length, ω A ≡ Re(ω A ) and ν A ≡ |Im(ω A )| are the frequency and Landau damping of IAW. The collision damping of IAW can be neglected since the electron temperature is as high as T e = 5keV in our simulation, thus only the Landau damping of IAW is considered. For single-ion species plasmas, such as H or C plasmas, the gain of SBS can be calculated by the fluid theory. However, for multi-ion species homogeneous plasmas, the SBS gain can be calculated by the kinetic theory [26] :
which is more precise than fluid theory. Where subscripts 0, s, A represent the pump light, SBS scattering light and IAW. Under the strong damping condition ν A /γ 0B * v gs /v gA ≫ 1 [27] , one can get the Tang model [28] :
where R is the reflectivity of SBS at the left boundary, and ε is seed light at the right boundary. If R ≪ 1, the Tang model can be approximate to the seed amplification equation:
Although the strong damping condition in C plasmas or C 2 H plasmas is not satisfied, the Tang model can also be applied to predicting the SBS reflectivity in the linear saturation stage. As shown in Fig. 5(b) , the SBS reflectivities in different species plasmas are close to the Tang model. And the seed amplification equation can not be applied to predicting the SBS reflectivities in the condition of strong pump light, since the SBS reflectivity R is not much lower than 1. Figure 5 shows the linear process, including linear growth and saturation process, in which the linear theory such as Tang model is applicable. However, in the nonlinear process, such as stage II and stage III in Fig. 4 , the burst behavior will occur and the nonlinear saturation mechanism of SBS has been explained in this paper.
In conclusions, quasimode will be excited by SBS in high-intensity laser-plasma interaction, which will compete with the IAW excited by SBS. The competition between SBS of quasimode and SBS of fast mode in C 2 H plasmas demonstrates that this competition mechanism is the cause of the low-frequency burst behavior of SBS. In different species plasmas, the same low-frequency burst behavior will occur, which illustrates that the competition mechanism is common in high-intensity laserplasma interaction no matter what the plasmas are. These results also give a good explanation of the intermediate low-frequency burst and saturation process in C plasmas.
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